The activity concentrations of radionuclides in the sand and soil samples collected from Kuakata seabeach of Patuakhali district in Bangladesh have measured using a high resolution high purity germanium (HPGe) detector of relative efficiency 40%. . Radium equivalent activities were calculated for the analyzed samples to assess the radiation hazards arising due to the presence of this radionuclide in the samples. Most of the calculated radium equivalent activities are lower than the limit set in the OECD report (370 Bq·kg -1 ). The measured representative level index values for the investigated samples varied in the range 0.8 to 3.75.
Introduction
Radiation is present in every environment of the Earth's surface, beneath the Earth and in the atmosphere. According to UNSCEAR (1993) , about 87% of the radiation dose received by mankind is due to natural radiation sources and the remaining is due to anthropogenic radiation [1] . It is observed that most of natural radioactive elements present in soil are primordial radionuclides from the uranium series, thorium series, and 40 K [2] . The man and the animal kingdom however make adjustment to the natural radiation sources. But the advent of artificial or man-made radiation sources, when man succeeded in fissioning of the uranium atomic nucleus, their widespread application and accidental uncontrolled release of radioactivity in the environment have altered the balance. Nuclear weapons test release radioactive fissions products into the atmosphere and its depositions over the earth's surface are termed "fallout". The distribution of this fallout in the environment takes place in various ways depending on the strength of the nuclear device, mode of burst and climate conditions. Significant amounts of man-made radionuclides, 137 Cs and 90 Sr, are also present in the environment as a result of nuclear weapon tests and nuclear accidents [1] .
Radionuclides can be deposited to the sand and soil in various ways. The uranium, thorium series and potassium-40 are the most common radionuclides present in most material. All radionuclides release ionizing radiation. Ionizing radiation may cause cancer. Any amount of radiation dose may cause stochastic effect (e.g. cancer etc.). Uncontrolled radiation from any source is harmful to the occupational workers, public and environment.
Assessment of any release of radioactivity to the environment is important for the protection of public health; especially if the released radioactivity is a matter of direct population exposure and can enter into the food chain [3] .
Beach sand or soil is mineral deposits formed through the weathering and erosion of rocks. These deposits found at different levels within the sand contain natural radionuclides that contribute to ionizing radiation exposure on earth [4] . Kuakata Seabeach of Patuakhali is one of the attractive tourist places in Bangladesh. An attempt has made in this study to determine the concentration of 238 Cs in beach sand and soil samples collected from Kuakata Seabeach of Patuakhali using HPGe gamma ray spectrometer and to compute the total absorbed gamma dose rate in air due to the presence of 238 U, 232 Th and 40 K in the samples.
Materials and Method

The Study Area
Kuakata Seabeach is the area of interest in the present study, which is located at Patuakhali district in Bangladesh. The study area is situated at about 65 kilometer away and to the north of Patuakhali. The locations of sample collection are shown in Figure 1 . The sand samples were collected from the beach area while the soil samples were collected from adjacent locality around the beach.
Collection and Preparation of Samples
For the measurement of natural radionuclides at the study area, a total of 15 sand samples and 7 soil samples were collected from in and around the seabeach areas. Each sample was taken maintaining a distance of about 1 km from each other. About 0.75 -1.00 kg of sample was collected from each location and each of the samples was placed in plastic packet and transported to the laboratory. Each of the collected sand and soil samples was first weighed, then dried at about 110˚C in an oven for 24 hours and there after ground into a fine powder with a grinder and collected after passing through a 10-mesh screen. Thus, homogenized sample was transferred to sealable cylindrical plastic container of 7 cm height and 5.5 cm in diameter, marked individually with identification parameters. All the sample containers were sealed tightly with cap and wrapped with Teflon and thick vinyl tapes around their screw necks and finally air tightened with polythene pack and stored for minimum four weeks prior to counting, allowing establishment of secular equilibrium between the long lived 238 U, 232 Th and their decay products.
Data Collection and Analysis
After adjustment of necessary parameters such as resolution, peak to Compton ratio etc. and measurement of minimum detectable activity of the detectors, each of the collected samples was placed on the top of the HPGe detector within the shielding arrangement and counted for above 10,000 seconds. Gamma ray spectrometry can be used to identify gamma ray energies and consequently the radioactive species which are producing them. The area under the peak in a gamma ray spectrum represents the number of counts collected for only that gamma ray energy. These peak areas were used for determination of radioactivity concentration of the radionuclides present in the sample. The net count of the sample is obtained by subtracting a linear background distribution of the pulse height spectra from the corresponding peak energy area. From the net counts of the samples activity concentration of the radionuclides were calculated using the formula
where, A is the activity concentration in Bq·kg -1 , CPS is the net peak counts per second of the samples, W is the weight of the sample in gm, ε(abs) is the absolute gamma peak detection efficiency, I r (abs) is the absolute gamma intensity of the corresponding gamma ray energy. Gamma rays intensities were taken from the literature [5] . The peak detection efficiencies were calculated from the full energy peak detection efficiency curve plotted using 
where N s is the counts measured in time T s and N b is the background counts measured in time T b . The standard deviation 2  in CPS was converted into activity concentration in Bq·Kg -1 according to Equation (1). 
Representative Level Index Values
Another radiation hazard index called the representative level index, used to estimate the level of gamma radiation associated with different concentrations of some specific radionuclides, can be defined as follows [6] Ra Th K 150 100 1500
where C Ra ,C Th ,C K are the specific activities of 226 Ra, 232 Th and 40 K in Bq·Kg -1 were calculated for the samples under investigation to indicate different levels of external -radiation due to different combination of specific natural activities in other materials. This index can be used to estimate the level of -radiation hazard associated with the natural radionuclide in the materials.
Dose Rate Calculation
The formula given in the UNSCEAR (1998) report was used to estimate the absorbed gamma dose rate in outdoor air due to natural radionuclides from the beach sand and soil one metre above the surface [1] . The total absorbed dose rate for the present studied samples from a height of one meter above the ground surface as shown in Table 3 .
Results and Discussions
The natural radioactivity level of sand and soil samples collected from Kuakata sea beach of Patuakhali district in Bangladesh were measured using high purity germanium (HPGe) detector. [9] . A comparative study was also performed for the activity concentrations in the present work with the other studies performed in home and aboard and is shown in the Table 4 .
The activity concentrations of the radionuclides in the sand and soil samples collected from Kuakata seabeach are within the range of values reported in the other work performed in home and abroad.
Conclusion
The present environmental radiation level on the sand and soil of Kuakata seabeach at Patuakhali district in Bangladesh has been carried out by using gamma spectrometry system. The mean activity concentrations of 226 Ra, 232 Th and 40 K in beach sand and soil, dose rate and other calculated hazard indices are comparable with the world average. The study also reflects that there is no fallout 137 Cs in the sand and soil samples of the area under investigation. Finally it can be concluded that no harmful radiation effects are pose to the public and tourists going to the beaches for recreation or to the sailors and fishermen involved in their activities in the area as a results of the activity of beach sand and soil.
